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INTRODUCTION

The Precision Antenna Measurement System (PAMS), located at the Rome
Labomory (RL) Verona Research Facility, is a system that measures aircraft antenna
pattems while the aircraft is in flight. It consists of a FPS-16 tracking radar (Figure 1),
a receive antenna platform (Figure 2) synchronized to the tracking radar antenna
and a receiving system. In principle, the radar tracks the test aircraft while simulta-
neously aiming the receive antenna at the aircraft so that the received signal is inde-
pendent of the receive antenna pattern. The received signal level is recorded along
with aircraft position and time. The data is corrected for distance and parallax and

__the radiation pattem of the aircraft antenna is determined. A limitation exists when

v e

, making measurements at elevation angles close to the horizon due to multipath

refiections from the ground. This unwanted multipath causes perturbations in the
recelvef antenna patterns, particularly for antennas with a wide beamwidth. The
narrower the receive antenna beamwidth, the closer to the horizon one can operate,
muttlng in more volume that the airplane can fly in. At microwave frequencies, itis

feasible to use a high gain receive antenna in order to achieve a narrow beamwidth,
i _but at frequencies below 400 MHz, high gain narrcw beam antennas become physi-
o eauy 100 large to place on the positioner; hence, only limited measurements using
3 - PAMS have been made at these lower frequencies.
Since a high gain narrow beam steerable antenna would be very cumber-
some at these lower frequencies, an effort was initiated to develop a fixed antenna
- with.a wide enough azimuth beamwidth and a low enough elevation coverage to
_cover the volume in which the airplane was required to fly. The aircraft will fly
thmuch the antenna pattern rather than have the antenna track the aircraft. in order
~ 1o use a fixed antenna for such airborme measurements, the design goals for this




Figure 1. FPS-16 Tracking Radar




Figure 2. PAMS Positioner




~ application were 120 degrees of horizontal beamwidth, 30 degrees of vertical
" beamwidth and a repeatable gain down to 3 degrees above the horizon. A front to
back ratio of at least 10 dB was required to reduce the multipath due to buildings
located to the rear. In order to evaluate airborne antennas in both the VHF and UHF

, “spec'tmm;'the antenna must cover the frequency range of 30 to 400 MHz. The

| coverage at lower elevation angles can only be accomplished by controlling the

13 - . ground reflections. Conventional means of controlling these refiections are by the

use of reflection fences which reflect the ground reflections off in a direction that will
cause no problems, scatter fences which scatter the ground reflection in all direc-

- tlons thereby reducing its amplitude to the measurement noise level, and by building
) a ground reflectton range so that the ground reflections behave in a controlled
maﬂner such that a plane wave can be established in the direction of the antenna
| under test. The refiection fence was discounted because its dimensions would be on

the order of several wavelengths, which wouid be very large at 30 MHz. Scattering
fem would not be much better because a large number of fences would be

| _:-nﬁédad and each would be very long in order to cover a wide field of view as the air-

| ‘craft flies past the facility. The reflection range concept appeared to have the most
potgntial for success, thus an experimental range was set up to evaluate its limits.
M. REFLECTION RANGE EVALUATION

| To explore the suitability of using a ground reflection range, an AEL APN-
107C log periodic antenna with a frequency range of .05 GHz-1.1 GHz was mounted

10 feet above the ground and vertically polarized (as are most VHF and UHF aircraft
communication antennas) with the broad H plane pattern in the horizontal plane.

The longest element was about 10 feet long, therefore, its phase center should not

-be placed any closer than 10 feet to the ground. A closer spacing will perturb the

i “current distribution on the array causing additional perturbations to the pattern

4

ST




beyond those caused by the ground reflection. A higher spacing from the ground will
cause additional nulls to appear in the pattern, some of which will be close to the
horizon. Measurements of the vertical pattern were made on boresight to evaluate
the perturbations caused by the presence of the ground.

Elevation cuts were initially made at a distance of 200 feet from the antenna
using an identical log periodic antenna as a probe. To make measurements up to 15
degrees in elevation at the 200 foot range, it was necessary to elevate the probe to
75 feet. To accomplish this, the probe was mounted on a cantilever attached to a
"cherry picker" which could be raised in a near vertical line (Figure 3). The elevation
angle, referenced to the receive antenna, was determined by using a transit. The
receive antenna was connected to a HP-8569 spectrum analyzer and the received
signal strength was recorded manually as the "cherry picker" was raised and tracked
with the transit and the vertical radiation patterns of the antenna under test were
derived and are shown in Figures 4-10. These patterns appeared to be better

" behaved than expected near the horizon which can be explained as follows. Since

the antenna under test was ten feet above the ground, parallax due to the finite
range of the far field measurements, had to be considered, which is best illustrated in
Figure 11. At an elevation angle of 0 degrees, the probe antenna is also ten feet
above the ground (hence, the negative elevation angles in the data) with the refiec-
tion point in the middle. The nmnipath angle is about 6 degrees, just where the
reflection coefficient of a vertically polarized wave, for typical earth, is undergoing a
drastic phase change as shown in Figure 12, This phase change in the reflected
wave will cause the resultant pattern to havé a null at the horizbn as the reflected
wave subtracls from the direct wave, rather than a peak which would occur if the
cround were a perfect conductor.. To verify this, the probe was then moved out to
600 feet from the.antenna in order to decrease this parallax. Now the parallax
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D = 200 ft & 600 ft
H=0-75FT

Figure 3 Probing Test Antenna With A Cherry Picker
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Figure 8 Elevation pattern of a log periodic antenna 10
feet above real ground at 225 MHz.
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9




W TT T T T T [T T T T T T T T T T T T T T T 71T T1Flll1
- 1
-39.6
g - =
< E — T =~ :
g [~ //’\ ‘\ \l\J |— Z
: & [ ¥ \ . ] 3
7] - f -
~00.&
§ - ‘l -y \\—" j
- ! —
o i —— 2001 ]
= ~----GOQN ]
-98.8
. - -
wobo L b b p v b by vy bbby p v by b by g yo

~3.9 LI ) 2.0 4.0 .0 .0 9.9 1.0 14.0

ELEVATION ANGLE (deg)

Figure 10 Elevation pattern of a log periodic antenna 10
feet above real ground at 400 MHz.

10




Tx
Antenna

RAF Direct Path

Ground

When D = 2001t
. B.s‘
. Then: When D = 600 ft.

o between the
TX and Rx antenna

b

Figure 11. Parallax of Multipath When Measuring
, Patterns at a Finite Distance

11




O
>
i

AMPLITUDE K
O
o
i -
i“
\
L)
REFLECTION COEFFICIENT =
PHASE &

'(}dz: il!lll bt dela————

EAW :
T O erewsTer's aNGLE

o IIE!!!-C-! o

VERTlCAL ANGLE B IN OEGREES

.ﬂefﬁ;ecnou COEFFICIENT =

. Higure 12, Reflection Coefficient of Typical Earth

12




o
R
B
G

between the elevation angle and multipath angle is only 2 degrees, and as
hypothesized, the measured data shows the pattern tucks in more severely near the

“horizon (due to the limited reach of the "cherry picker”, the maximum elevation angle

was limited to 7 degrees for these measurements)

A log periodic antenna mounted above real ground is not a satisfactory choice
for a reflection range especially when measurements are needed near the horizon.
The reflaction coefficient is too dynamic and too dependent upon the water content of
the soil to produce a repeatable pattern. Another disadvantage to this configuration
was that at the UHF frequencies, there was severe lobing in the pattern because the
antenna was electrically a number of wavelengths above the ground which
aggravates the problem discussed above.
¥ CUSTOMIZED APPROACH

The problems encountered with the reflection range approach are related to
the fact that the phase center of the antenna is located a finite distance above a
M of finite and variable conductivity. If the phase center of the antenna were to

'\ “ be on a perfectly conducting ground, of infinite extent, there would be no nulls due to

ground multipath or any tuck in of the pattern at the horizon due to the phase change
wmm co-efficient. In order to place the phase center of the antenna on the

‘ground, elements must be used which are designed to be fed against the ground
~ such as monopoles raher than dipoles. While a perfect conductor of infinite extent is

not physically realizable, a metallic surface which is electrically large will suffice, but
there will still be at least a 6 dB tuck in  the pattern approaching the horizon as the

- contribution of the image vanishes and due to diffraction off of the edge of the ground

plane. The closer to the horizon one wishes to receive, the larger the ground plane
must be (about 200 feet for a usable pattem at 3 degrees elevation at 30 MHz).
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o | ‘While this 6 dB variation in the pattern is not ideal, it will be demonstrated that it can
hnmade workable.

' | ~Since the pattern of a log periodic antenna in free space is about the optimum
for the measurement of the airborne pattems using this technique, it was decided to

| -build one using monopoles on a ground plane. Using the relationships in Jasik (1),

an antenna was designed with an H plane beamwidth of 120 degrees. It had a
~ geometrical progression of .7 and a taper of 30 degrees (60 degrees fdr a conven-
. tional log periodic antenna made with dipoles). A conventional log periodic antenna
| usually has two feed rails making up a balanced transmission line in order to feed
the altemate elements 180 degrees out of phase, but it was necessary to modiify the
~ feed in order to use only one-half of the array (the other half being an image). The
| "ongmal concept was to feed every other element from a single rail and ground those
-, _In between, allowing them to be parasitically fed 180 degrees out of phase with the
~ driven elements. That technique did not give a satisfactory front to back ratio
N the phase shift due to the parasitic feed was not precuse enough to provide
ﬂaod canooaaﬁon to the backside of the pattemn. Another techmque that was more
il m to use a 0-180 degree power divider to feed two micro strip rails 180
“ ; t‘, wt of phase and then connect anamato elements to opposite rails. The
mgm of the pails was adjustable so that their impedance could be adjusted to obtain
:‘ a match with the power divider and the elements.

f A one-tenth scale model was bum with a dasigned lower cutoff frequency of
E&M-Iz as shown in Figure 13. The scaled array was then mounted on a circular
mnd p'ane 14 feet in diameter and evaluated at a 700 foot outdoor antenna range

u Rome Laboraory's Newport. Research Facility. The radiation patterns were
Mmmurodlnazimuthatelevaﬁon angles of 0, 3, 5, 7, 15, 20 and 30 degrees, ﬂ
mmn patterns were measured at azimuth angles of 0, 45, 90 and 180

14




v Figure 13, 8cale Model of the Half Space log
Periodic Antenna
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degrees. This was done at frequencies of 250, 500, 1000 and 1250 MHz(2). The

_ m cuts at 0 degrees azimuth, shown in Figures 14-17, have a variation of

- MG@MM peak value to the horizon. The azimuth patterns, at an elevation
| mﬂlof 0 degrees, shown in Figures 18-21, had a similar gain variation over the

V_ ~Mmh‘thegainwasnotunifonn over the entire azimuth and elevation
Lizsvmmedwlaﬁunftuuaumfom gain was graceful and the azimuth cuts, at any
. k-wmncy hadashapethatwas relatively independent of elevation angle.

ol \;“,i;,msupeofmetevaﬁon patterns was also relatively independent of
uth. This being the case, it was decided to fit the horizontal cuts at 0 degrees
i the vertical cuts at 0 degrees azimuth, independently, to polynomial
zmmg&omﬁ\edefhastsquamswnhtyplcdlyadozenco-efﬁaemsto
":faupawnﬁrmmnq This results in a simple numerical expression
hmmm This is useful for the measurement system since

;ffmmwmmmmmwmanmmmgmm For
""Mnuplozcdegreesmaznm:thanghstoaboutso&greesenher
mmemm@ybssthan 5dB. Anexampleofttus
chnic hwmngmzzwmumapwadatammyonzsomz
Mmmunmmmmmmu Using this technique, it is
* possible 10 factor out the receive anténna pattems when the fight test data s
;immuamhmemmtod\mquethanusmgabokuptable.

(}'-, Tmmm three efforts that were important in the Memmem ofa
Fi «:M‘mebeMmGMrﬁaquencyumitonhePAMs
dowm tp S0NB. First, the concept of a reflection range was studied but rejected
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| because of the severe tuck-in of the pattern near the horizon and the nulls at the

higher elevation angles; both effects will vary with the water content of the soil. A log
periodic antenna made of monopole elements which had its phase center on the
ground was studied and found to eliminate the above concemns. A numerical
technique was then used to define the gain of the antenna over its usable azimuth
and elevation coverage.
vi. BRECOMMENDATION

Based upon the success of the experiments with the scale model antenna, it
was recommended that a full scale antenna be fabricated for the PAMS facility. This

~ antenna was installed at the Verona Research Facility and successfully used to

evailuate the communication antennas on an operational aircraft.
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(1) Jasik: "Antenna Engineering Handbook,” McGraw-Hill Book Co., 1961,
pg. 18-10 through 18-17

(2) RL/ERPE-91-049, In-House Report, "Scale Model Log Periodic Antenna

Measurements Program,” 8 Jul 91
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